A packet of relatively resistant layers, totaling --400 m thickness, is present at the tops of the chasma walls throughout Valles Marineris. The packet consists of an upper dark layer (~50 m thick), a central bright layer (~250 m thick), and a lower dark layer (~100 m thick). The packet appears continuous and of nearly constant thickness and depth below ground surface over the whole Valles system (4000 km E-W, 800 km N-S), independent of elevation (3-10 km) and age of plateau surface (Noachian through upper Hesperian).
Introduction
The uppermost walls of the Valles Marineris exhibit layering, marked by differences in color and material strength, thatcan be followed continuously for tens to hundreds of kilometers [Lucchitta, 1978; Lucchitta et al., 1992] . The layers have been interpreted as expressions of lava flows or other "resurfacing units" [Davis and Golombek, 1990; Lucchitta et aL, 1992] , although the character and continuity of the layering had not been investigated systematically.
To better understand the origin of the upper wall layering, we mapped its lateral extent and estimated its elevations, thicknesses, and stratigraphies using Viking orbiter and Mariner 9 images and Viking elevation data. Where possible, images with spatial resolution <60 rn/pixel were used. Viking orbiter (VO) images at this resolution are available for most of the 1 Now at Department of Geological Sciences, University of Michigan Copyright 1995 by the American Geophysical Union.
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Hebes, Ophir, Candor, Melas, and eastern Coprates Chasmata; VO images at <200 m/pixel cover the remainder of the Valles Marineris. VO images with resolution to 15 m/pixel are available and were used for a portion of Tithonium Chasma and a small area in southern Melas Chasma. Most of the images were taken through clear or red filters. Where possible, digital imagery was contrast-enhanced and filtered to emphasize layering; otherwise, photographic prints were used.
For each examined reach of wall, albedo and morphology of the layering were estimated using standard photointerpretative techniques. Thicknesses of layers were estimated from height of the wall exposures [U.S. Geological Survey, 1991 Survey, , 1993 and the fraction of the walls occupied by the layering. This semiquantitative method assumes that the slope of each wall is effectively constant from top to base, as shown to first order by the photoclinometric profiles of Davis and Golombek [1990] . The thickness, albedo, and morphologic observations were then combined to produce a stratigraphic column for each section. The stratigraphic relations of the layering were investigated by comparing the depth of layering beneath the Martian surface with the depth of the late-Noachian surface predating the Tharsis volcanic sequence (Hesperian age). The latter was mapped byDeHon [1982, 1985, 1988] using mapped boundaries of geologic units and the size distribution of partially buried craters exposed within each unit.
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Upper Wall Layering
Layering was observed throughout the Valles Marineris on relatively planar wall faces, i.e., on the heads of landslides (Figures 1 and 2) and on probable fault scarps in Coprates Chasma. The layering is less evident and sometimes not apparent in more irregular walls exhibiting spur-and-gully topography (Figure la) , and in imagery with unfavorable lighting or taken through the blue filter. Albedo differences on Mars are generally more subdued in blue-wavelength images than in the red-and clear-filter images that account for most of the data we examined [Soderblom, 1992] . The layering is only rarely visible on images with spatial resolution >150 m/pixel, and there only on the most favorably oriented slopes. However, the layering is visible in nearly every clear-or red-filter VO image of adequate spatial resolution that shows planar wall segments of the Valles Marineris ( Figure 2) .
The type section of upper wall layering is taken at the head scarp of a large landslide at tile southeast wall of Hebes Chasma (Figure la) . The scarp is -2 km from plateau rim to base, and has an average slope of-30*. At the wall top is an upper dark layer, -50 m thick, which forms a "cliff." Beneath is a brighter, slope-forming layer, -250 m thick, followed by a dark, more resistant layer, -75 m thick. The lower portion of the scarp is in bright material without identifiable lithologic boundaries; it may expose only debris slopes and cones. An identical section is exposed on the north wall of Hebes Chasma (Figure la) . Stratigraphic sections for this and other exposures in Valles Marineris are given in Figure 3 . In some areas, higher resolution imagery permits identification of subsidiary layers within the where the whole packet is 750 m thick and the lower dark layer 110" 100°90°80* 70* 60* 50* 40°112.: Figure 1 and stratigraphic sections in Figure 3 . The Noctis Labyrinthus province is shown in heavy line, as layering is exposed in the walls of most of its pits and valleys. [DeHon, 1982 [DeHon, , 1985 [DeHon, , 1988 . The layering also continues nearly without interruption beneath impact craters up to 30 km in diameter ( Figure  ld) in units Hr and Npl2 [Witbeck et al., 1991] .
Regional Correlations
Other researchers have commented on layering in the shallow crust in and around the Valles Marineris. the layering packet described here; Davis and Golombek suggested that the discontinuity was the base of the Tharsis volcanic sequence. We saw no evidence in the Valles walls for the 1 km or 2-3 km discontinuities, which have been ascribed to cementation at an ice-water interface [Soderblom and Wenner, 1978] , and to the top of megaregolith [Fanale, 1976] or possibly the base of ice-saturated regolith [Clifford, 1993] respectively.
Robinson and Tanaka
[1988] reported a 1-km structural discontinuity beneath Lunae Planum north of Valles Marineris, but no evidence for the 0.3-0.6 km discontinuity. The dark layers described by Geissler et al. [1990] in Coprates, Juventae, and Ophir Chasmae are beneath the layering packet described here.
This relationship is best shown in their Figure 5 (VO538A38 formation [Witbeck et al., 1991] . The absolute age of the upper Hesperian is probably 1.8 Ga or younger [Tanaka et al., 1992; Treiman, 1995a] . The layering must be older than the formation of Valles Marineris itself, or at least its present wall exposures.
Second, formation of these diagenetic layers would seem to suggest the activity of aqueous solutions. Significant chemical transport would seem to be required to produce the observed variations in material strength (formation or removal of mineral cements) and in color (redistribution, formation, or removal of pigmentary phases). This degree of chemical transport seems unlikely by vapor alone (except for color changes by oxidation/reduction) or within solid ice.
Third, the formation of the layer packet was controlled by the present ground surface, as the packet is always at or very near the wall tops, independent of their elevation or geological unit. The packet could not have formed at a fixed groundwater table, because it would have approximated a gravitational equipotential surface [Clifford, 1993] , and the plateau surface is not such a surface (Figure 3) . Thus aqueous solutions must have been available near the ground surface and uniformly active over a vast area. Water for the diagenetic solutions could have been supplied by transient ground water, the melting of ground ice, or by precipitation.
And finally, the inference of liquid water near the ground surface, however rare or saline [Lueehitta, 1987], suggests a significantly different climate than at the present because aqueous solutions are not stable now near the Valles Marineris [ Zent and Fanale, 1986, Clifford, 1993] . For aqueous brines to have been stable in the near subsurface (i.e., < 50 m depth), the temperature must have been above -250 K (the freezing temperature for NaCl-saturated water [Clifford, 1993] ) and the partial pressure of water vapor within pore spaces of the upper crust must have been at least -i mbar (the water vapor pressure over NaCl-saturated water at 250 K [Weast, 1985] ) for portions of the Martian year. If pure water were to be stable, the temperature would have to be at least 273 K and the water vapor pressure at least 6 mbar [Weast, 1985] .
These temperature limits for water stability may be marginally consistent with current conditions, maximum surface temperatures near the equator range up to -300 K [Can" et al., 1984] , but temperatures below the diurnal layer are much colder: -218 K average near the surface and possibly rising to -260 K at l-km depth if heat flow is high [Clifford and Hillel, 1983; Clifford, 1993] . Thus a diagenetic origin for the wall layers suggests a wanner subsurface than at present. Similarly, the current atmosphere is too dry to support aqueous solutions, with less than 2x10 "3 mbars of water vapor (<40 precipitable pmeters [Jakosky andHaberle, 1992] ). So, the pore spaces of the uppermost crust must have seen a much more humid atmosphere than is presently available. Such a high intergranular humidity would be possible if pore spaces of the upper crust were isolated from, hermetically sealed from, the current Martian atmosphere. But it seems unlikely (although not totally impossible) that the ground surface of Mars could be sealed over the whole region of the Valles Marineris. Thus high humidity in the uppermost crust would seem to imply a high humidity in Mars' atmosphere.
The The duration of this episode of dense atmosphere is unconstrained, as we know essentially nothing of the diagenetic processes and products involved in forming the upper wall layer packet. The Martian meteorites present some possible styles and products of aqueous alteration on Mars: Ca-carbonate-sulfate rich in the shergottites [Gooding, 1992] ; clay-rich in the nakhlites [Treiman et al., 1993] ; and Ca-Mg-Fe-carbonate-rich in ALH84001 [Mittlefehldt, 1994; Treiman, 1995b] . But the Martian sources for these meteorites are unknown, and their aqueous alteration materials may be unrelated to the hardpan. Given these uncertainties, it is premature to speculate on the mass of volatile compounds that might be sequestered in the upper wall hardpan layers.
Conclusions
The layering packet in the upper walls of Valles Marineris has implications far beyond its minor topographic and albedo expressions. Its lateral extent, greater than that of the Valles Marineris, suggests that it records events of global scale and significance.
The stratigraphic position of the layer packet relative to known depositional and impact units imply that it formed in place, and the most probable mechanism for formation involves the action of liquid water solutions. Aqueous solutions are not stable now in the near-subsurface at Valles Marineris, and could only be stable under an atmosphere of approximately one or more bars CO 2. The layering packet is of upper Hesperian age or younger, so this inferred dense atmosphere would have been present within the last -2 Ga, and would have been subsequently removed to leave the current thin atmosphere. 
